Under the UNECE LRTAP Convention protection of ecosystems is routinely evaluated in integrated assessment by calculating exceedance of critical loads, defined as the maximum levels of deposition sustainable without adverse effects. Such assessments using the UK Integrated Assessment Model are able to quantify the extent of exceedance regionally for different broad habitat categories. Although this provides an aggregated view useful for policy development, it cannot quantify impacts upon individual sites of special scientific interest (SSSI) or other sites designated under the Habitats Directive or the Birds Directive of the European Union.
INTRODUCTION
The protection of ecosystems is assessed in the UK Integrated Assessment Model (UKIAM) [Oxley et al., 2013] by calculating exceedance of critical loads, defined as the maximum levels of deposition sustainable without adverse effects. The standard approach used in integrated assessment modelling and under the UNECE LRTAP Convention is to consider areas of exceedance integrated over all ecosystems. For the UKIAM this has involved use of critical load data for acidification and eutrophication for the UK provided at a detailed 1x1km resolution across the UK, and corresponding to the UK data submitted to the Coordinating Centre on Effects [Hall 2003; Hall et al., 2008] . Emissions scenarios assessed by the UKIAM involve dispersion of the emitted pollutants utilising source-receptor relationships -which capture the effects of atmospheric chemistry -calculated by the Lagrangian FRAME model for UK sources [Fournier et al., 2004; 2005; Dore et al., 2007; 2009] and the Eulerian EMEP model for non-UK sources [Simpson et al., 2012] , with the consequent deposition patterns used to calculate exceedance of critical loads for different broad habitat types.
Aggregated statistics focussing on broad habitat types provide useful metrics for assessing overall progress towards ecosystem protection in the context of national and international policy making. However, such statistics do not indicate the extent of protection of designated sites which may contain multiple habitats displaying differing sensitivities to deposition.
Why focus on designated sites?
Spatial definition of designated areas and critical loads of acidity and eutrophication for designated features and habitats have been collated by CEH and the UK Government Joint Nature Conservation Committee (JNCC) (http://www.jncc.gov.uk/) for Sites of Special Scientific Interest (SSSI) or European Natura 2000 sites, which include Special Areas of Conservation (SAC) designated under the EC Habitats Directive (92/42/EEC) and Special Protection Areas (SPA) protected by the EC Birds Directive (2009/147/EC)), providing the basis of EU Biodiversity Policy. With 42% of European terrestrial ecosystems projected to remain at risk of nitrogen eutrophication in 2020, with consequent biodiversity loss Reis et al., 2012] , it is becoming increasingly important to focus upon designated sites as opposed to broad habitat classes. Since nutrient nitrogen deposition is difficult to reduce because of agricultural NH 3 emissions, local mitigation measures may be necessary in order to effectively protect sensitive habitats [Dragosits et al., 2006] .
BROAD HABITATS & DESIGNATED SITES
The purpose of the UK Integrated Assessment Model is to evaluate the potential impacts of emission abatement strategies based upon future projections of emissions. In relation to impacts on the natural environment, the model determines the extent and spatial distribution of both acid and nutrient nitrogen deposition and uses these deposition rates to calculate exceedance of critical loads for acidity and eutrophication for different broad habitat classes. These definitions of critical loads and distributions of broad habitat classes are consistent with the representations used by the Coordinating Centre for Effects , ensuring that evaluations of the impacts of policies at the national scale remain consistent with assessments carried out at transboundary (European) scales (see, for example, Amann et al. (2011) ).
The results of such national scale assessments can be represented both spatially as maps (see Figure 1 ) and with tabulated statistics (see Table  1 ). These outputs highlight the spatial variations in exceedance together with 'hot-spots' as can be observed in East Anglia where NH 3 emissions Figure 1 -Spatial distribution of exceedance of nutrient-N critical loads in 2020 including the effects of the revised Gothenburg Protocol are dominated by poultry, and provide an aggregated numerical representation which allows policy makers to quickly evaluate progress relative to current conditions or alternative abatement strategies. Compared with a corresponding simulation of the current (2010) situation, Table 1 reflects a 7.5% reduction in the total percentage area exceeded, and a 15% reduction in accumulated exceedance by 2020.
Such metrics provide useful information for policy makers to evaluate abatement strategies on a national scale, and in relation to the commitments made under the Gothenburg Protocol. However, they provide little or no indication of impacts upon individual ecosystems within these broad habitat classes. In order to address the objectives of the Habitats Directive or the Birds Directive it is necessary to understand impacts upon sensitive habitats which these Directives are designed to protect with the objective of preventing further loss of biodiversity. With critical loads for designated sites becoming available (see above), the deposition patterns calculated for any given scenario can be applied to habitats and features in designated sites to provide additional statistics quantifying exceedances at each site (see Table 2 ); an uncertainty range is also provided by the definition of maximum and minimum critical loads for each habitat. Note that these results reflect exceedance of the most sensitive habitat on each site, whereas in reality there are likely to be several habitats present, each displaying a different sensitivity to deposition. This necessitates more detailed examination of the impacts within each site as habitats are currently assumed to be present throughout a site. 
PROTECTABILITY INDEX
Although the statistics shown in Table 2 provide additional information to policy makers at an aggregated level, they still do not indicate how protectable individual sites or habitats may be. This has resulted in a more detailed consideration of those ecosystem areas of greater concern, with development of a "protectability index". This index indicates different degrees of risk for different habitats within designated sites from "protected with a high level of confidence" to "un-protectable" where exceedance is so large that reducing deposition to eliminate it may not be feasible. Thus, each individual habitat (within features, within sites) can be evaluated in each designated site; where multiple habitats are examined, the greatest habitat exceedance will determine the site exceedance.
The protectability index is defined to highlight:
• Whereas the first three bands are self-explanatory, the final two bands reflect simple multiples of deposition rates beyond the point of exceedance in order to highlight extreme situations. Based upon these protectability bands, habitats/sites which may require additional local measures to achieve protection can be highlighted, although it may still not be possible to protect some sensitive habitats in some sites. Figure 2 shows a map illustrating this approach, where the colour indicates the "protectability" index for the most sensitive habitat with respect to eutrophication in each SSSI; based on deposition in 2020 and critical load data for SSSI's. CL min and CL max represent the minimum and maximum estimates of critical loads (ie. CLnutN min & CLnutN max , respectively) as an indicator of uncertainty. Where nitrogen deposition is less than CL min , the green areas, the level of protection is high. Between CL min and CL max the probability of protection decreases towards the higher value. Where deposition is not all that much higher than CL max (yellow) it is possible that further measures to reduce deposition could lead to protection; but above 1.5x CL max (orange) this is less likely to be possible, and for habitats with deposition greater than 2x CL max (red) protection is, in practical terms, effectively impossible.
Habitat Selection
Clearly, Table 2 and Figure 2 would present a different picture if the analyses were carried out for individual habitats. Therefore, a selection of habitats were assessed in order to capture the range of sensitivities displayed across different habitats. The habitats were selected to reflect a range of sensitivities from 'very low' to 'very high' so that the benefits of alternative emission scenarios could be further evaluated. The habitats selected were:
• NCL017_SALTMARS (Salt Marsh) -very low sensitivity (2.14<CLnutN<2.86kEq/ha) • NCL007_GRASNELO (Lowland Grass) -low sensitivity (1.43<CLnutN<2.14) 
DEPOSITION SCENARIOS
The potential utility of the protectability index for assessing alternative policy scenarios in relation to biodiversity protection is investigated through definition of three related but contrasting emission scenarios. These scenarios were also evaluated in order to assess the progress towards habitat protection up to 2020, and to understand the potential for protection using local abatement measures. The three scenarios are:
I. Baseline 2010 -Current state of protectability II.
UEP38 ( The third scenario, which reflects Scenario II but with dry deposition from agricultural sources removed, reflects an extremely speculative scenario whereby all agricultural NH 3 emissions are assumed to be mitigated by local measures. In reality this will never happen, and detailed spatial relationships between areas of emissions and the sensitive areas within SSSI's will be crucial for local impacts. However, this scenario facilitates assessment of where such local mitigation efforts may be most beneficial in relation to habitat protection, and where more detailed consideration of local measures including spatial planning and shelter belts is likely to be effective. This is because dry deposition of ammonia is highly concentrated close to the source, and hence changing local sources can have a large effect on nitrogen deposition as reflected in the dry deposition patterns.
These scenarios reflect contrasting deposition patterns (see Figure 3) , with a noticeable reduction in nitrogen deposition between 2010 (Scenario I) and 2020 (Scenario II), and a large additional reduction evident in Scenario III.
RESULTS
A selection of results from these scenarios are presented in Figure 4 in the form of histograms highlighting the number of habitats falling into each protectability band and identifying regionally where these habitats are located. The histograms give a break down for the different regions of how many sites fall in each category. This sort of display is useful for comparing scenarios, and understanding the extent to which further abatement and/or mitigation measures can improve ecosystem protection. Statistics can also be produced for individual habitats, showing how the distribution across different levels of protectability differs from less sensitive habitats to the most sensitive ones, and in which areas it appears impossible to achieve protection of any given habitat.
The results in Figure 4 provide an aggregated perspective (all habitats included) together with an individual habitat displaying very high sensitivity (Lowland Bog), for each of the three scenarios. The most striking feature in both cases is that there is only a marginal shift towards further protection between Scenario I (2010) and Scenario II (2020). However, the extreme Scenario III -where local dry deposition of ammonia from agricultural livestock is assumed to be fully mitigated by local measures -shows a significant shift towards habitat protection, with the majority of habitats either protected or now within the uncertainty range of the critical loads. In the case of lowland bogs (very high sensitivity), even assuming the extreme scenario, the majority of sites (219) are now within the uncertainty range of the critical loads (ie. may be protected), although 122 sites are still unprotected (with a quarter of those remaining in the highest bands). 65 lowland bog sites are protected, which compares with 26 protected in 2010 and 36 in 2020 (Scenario II).
DISCUSSION & CONCLUSIONS
Clearly, both the aggregated broad habitat perspective and the assessment of exceedances in designated sites in relation to protectability bands can provide useful understanding and statistics for policy makers tasked with developing emission abatement strategies which will protect the natural environment. However, it is only the latter which can effectively address issues of biodiversity protection, whereas the former remains beneficial for assessment of general ecosystem impacts.
The findings from this work can be summarised as follows:
• Increased protection of habitats in 2020 is modest, relative to 2010, and mainly a result of reduced NO X emissions since there are only small changes in agricultural NH 3 emissions; 
